Introduction
============

Non-small cell lung cancer (NSCLC) accounts for the majority of all lung cancers, and represents the leading cause of cancer-related mortality worldwide. The pathogenesis of NCSLC is complex and is believed to occur as a result of interactions between environmental and genetic factors ([@b1-ol-0-0-5087],[@b2-ol-0-0-5087]). Cigarette smoking, environmental pollution, and radiation have been identified as the main risk factors of NSCLC. However, not every type of lung carcinoma is associated with these factors, and additionally, oncogenic types of HPV have also been proposed as potential causes of NSCLC ([@b3-ol-0-0-5087],[@b4-ol-0-0-5087]).

HPVs are double-stranded, non-enveloped DNA viruses. Recent studies suggest that HPV infection is an important cause of cervical cancer ([@b5-ol-0-0-5087],[@b6-ol-0-0-5087]). HPVs are commonly divided into high-risk and low-risk types, with the high-risk type HPV 16 representing the predominant type associated with cervical cancer ([@b7-ol-0-0-5087]). A number of research groups have reported a high detection rate of HPV in lung cancer tissues, particularly HPV 16 and 18, suggesting a role for HPV in promoting this disease ([@b8-ol-0-0-5087]--[@b10-ol-0-0-5087]). Although HPV has been hypothesized to be a possible contributory agent for lung cancer, its role in the pathology of this disease remains controversial. This controversy relates to regional and organizational differences in HPV infection, as well as its unknown pathogenesis in lung cancer ([@b11-ol-0-0-5087]--[@b13-ol-0-0-5087]). Identification of diagnostic markers for HPV-associated NSCLC is necessary both to clarify the relationship between HPV infection and NSCLC pathogenesis and to improve therapeutic strategies.

TP53 is an important regulator of the cell cycle, and alterations in the TP53 gene are frequently observed in invasive tumors ([@b14-ol-0-0-5087]). A number of previous studies have demonstrated that the HPV E6 protein binds TP53 and triggers its degradation through the ubiquitin pathway, promoting proliferation and inhibition of apoptosis ([@b15-ol-0-0-5087],[@b16-ol-0-0-5087]). In addition, a significant correlation between HPV infection and TP16 expression has been observed in a variety of HPV-associated tumor specimens ([@b17-ol-0-0-5087]--[@b19-ol-0-0-5087]). Overexpression of TP16, a cyclin-dependent kinase inhibitor, can prevent the phosphorylation of the retinoblastoma protein, an important cellular tumor suppressor, resulting in its activation and consequent inhibition of cell cycle progression ([@b20-ol-0-0-5087]). While there is accumulating evidence that the HPV 16/18 E6 oncoprotein is indeed expressed in lung tumors and is involved in TP53 and TP16 signaling, the correlation between HPV infection and the expression of these proteins remains controversial. Consequently the expression of TP53 and TP16 in relation to that of the E6 oncoprotein in NSCLC requires further clarification.

Although heterogeneity in the expression of TP53 and TP16 has been demonstrated to correlate with similarly heterogeneous clinical outcomes in other tumor types, these relationships have been more difficult to evaluate for NSCLC. Evaluation of TP53 and TP16 mutation by standard techniques requires tissue quantities that are often only available from resected tumors ([@b21-ol-0-0-5087],[@b22-ol-0-0-5087]). For this reason, the majority of studies of TP53 and TP16 status in NSCLC have been performed during the early stages of disease. The small numbers of patients included in some of these studies, differences in follow-up, and the various criteria used to classify TP53 and TP16 mutation have led to contradictory results. In comparison with TP53, the role of TP16 in HPV-related NSCLC has received little attention.

In the present study, we have analyzed TP53 and TP16 expression in a training cohort of 83 patients with advanced NSCLC, and evaluated the relationship between the expression of these proteins and various clinical parameters. The findings were evaluated in an independent cohort of 20 HPV-positive patients.

Materials and methods
=====================

### Clinical specimens

The present study was a retrospective analysis of a total of 83 patients with advanced NSCLC, grouped according to HPV status. All patients were diagnosed with stage III--IV disease at the Anhui Provincial Hospital between August 2011-August 2013. Patient samples included 17 surgical specimens, 12 lung biopsy specimens, 15 bronchoscopic biopsy specimens, 24 pleural effusion specimens, 13 lymph node biopsy specimens and two bone biopsy specimens. In all cases, cancer-containing tissues were obtained at the time of diagnosis of metastatic disease. Written informed consent was provided by all patients, and approval was obtained from the Institutional Review Board of Anhui Provincial Hospital. Clinical characteristics including age, sex, smoking history, histology type, histological differentiation, lymph node metastasis, distant metastasis, and expression of TP53 and TP16 were collected for subsequent analyses.

### Processing of tumor samples and DNA extraction

All samples used in the present study were formalin-fixed, paraffin-embedded tumor tissues that had previously been evaluated by an expert pathologist. To deparaffinize and extract DNA from tissue sections, the QIAamp DNA FFPE Tissue Kit (cat. no 56404, QIAGEN, Hilden, Germany) was used and samples were processed according to the manufacturer\'s recommendations. Briefly, 5--6 formalin-fixed, paraffin-embedded 8-µm sections were soaked in xylene and vortexed vigorously. The extracted tissue was then pelleted by centrifugation (20,000 × g) and the DNA subsequently purified following the kit\'s protocol. All DNA samples were quantified by spectrophotometric absorbance at 260 nm and aliquots of equal concentration were then prepared for all samples.

### Detection and typing of HPV-DNA

HPV testing of NSCLC samples was performed by PCR amplification of a fragment of the HPV L1 gene, and the subsequent screening of PCR products using a Tellgenplex™ HPV DNA Test kit (Tellgen, Shanghai, China) in combination with the Luminex technique, which allowed the detection of 26 HPV genotypes including 19 high-risk types (HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 55, 56, 58, 59, 66, 68, 82, and 83) and seven low-risk types (HPV 6, 11, 40, 42, 44, 61, and 73). The experiments were performed using a Bio-Plex 200 system (Bio-Rad, Hercules, CA, USA) according to the manufacturer\'s instructions. Briefly, 2 µg of the extracted DNA was used as a template for PCR, and the reaction was performed as follows. A denaturing step of 95°C for 30 sec, followed by an annealing step of 58°C for 30 sec, and then an extension step of 72°C for 30 sec were performed for the first five cycles, and then an additional 35 cycles were performed as described except that the annealing temperature was reduced to 55°C. The PCR products were then subjected to fast hybridization and the data were analyzed with the software supplied by the manufacturer ([@b23-ol-0-0-5087]).

### Qualitative analysis of TP53 and TP16 protein expression

Paraffin-embedded tumor tissue sections were deparaffinized and rehydrated through a series of graded alcohol washes. Microwave-based antigen retrieval was conducted using 10 mM citric acid buffer (pH 6.0). Sections were blocked in normal rabbit serum (Dako North America, Inc., Carpinteria, CA, USA) containing 10% (v/v) stock avidin solution (Themo Fisher Scientific, Inc., Waltham, MA, USA) for 1 h followed by a 12-h incubation at 4°C with mouse monoclonal antibodies against human TP53 or TP16 (Cell Signaling, Beverly, MA, USA). Sections were then incubated with biotinylated anti-mouse antibody (for monoclonal antibodies) for 1 h and finally treated with the chromogenic agent diaminobenzidine (Dako) for 5 min. Sections were counterstained with Mayer\'s hematoxylin. Samples were assessed by light microscopy, and TP16 and TP53 positivity was evaluated according to the intensity and expected pattern of cellular staining.

### Statistical analysis

All statistical analyses were performed using SPSS software version 16.0 (SPSS Inc., Chicago, USA). Chi-square tests were used to examine associations between HPV status in tumors and clinical characteristics (age, sex, smoking history, histology type, differentiation, lymph node metastasis, distant metastasis, and TP53 and TP16 expression). Progression-free survival (PFS) was defined as the time from diagnosis to recurrence or the date of censorship (the last date of follow-up). We analyzed the combined effects of HPV infection and over-expression of TP53 and TP16 on PFS. Survival curves were estimated using the Kaplan-Meier method and differences in survival distributions were evaluated using a log-rank test. To evaluate mortality risk, the hazard ratio (HR) and the corresponding confidence interval (CI) were estimated using Cox proportional hazards models to identify potential prognostic factors. All statistical tests were two-sided and P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### TP53 and TP16 expression in NSCLC

To evaluate the expression of TP53 and TP16 in NSCLC tissues, qualitative, intensity-based analysis of tissue staining was performed. Histological samples were assigned one of four possible scores, as follows: No detectable expression, detectable nuclear staining, easily visible nuclear staining, and strong staining. Samples that were scored as 'no detectable expression' were defined as negative; samples scored as 'strong staining' were defined as positive for TP53 or TP16 expression. Representative examples of NSCLC patient tissue samples stained for TP53 or TP16 that scored as either positive or negative are shown in [Fig. 1](#f1-ol-0-0-5087){ref-type="fig"}.

### HPV status and TP53 and TP16 expression scores

[Table I](#tI-ol-0-0-5087){ref-type="table"} summarizes the clinical characteristics of the 83 patients with advanced NSCLC included in this study. Patients were assigned to one of two groups according to their HPV status, as determined by PCR-based HPV DNA screening of tissue specimens. Of the 83 specimens examined, 20 were HPV-positive and 63 were HPV-negative. HPV 16 was the most common subtype detected, although HPV 18, 33, 58, 6 and 11 were also detected. HPV infection was significantly associated with poor differentiation (P=0.024), never smoking (P=0.048), and lymph node metastasis (P=0.044). A total of 28 (33.7%) patients were found to be TP16-positive and 48 (57.8%) were found to be TP53-positive. However, the presence of HPV DNA did not significantly correlate with positive TP53 or TP16 expression status ([Table I](#tI-ol-0-0-5087){ref-type="table"}). Multivariate analysis revealed that poor differentiation (OR=0.163) was an independent predictive factor of HPV infection in advanced NSCLC ([Table II](#tII-ol-0-0-5087){ref-type="table"}). This phenomenon was not found in the equation of logistic regression analysis for HPV infection ([Table III](#tIII-ol-0-0-5087){ref-type="table"}).

### Effects of HPV status and positive TP16 expression on progression-free survival (PFS)

To examine the clinical significance of HPV infection as well as TP16 and TP53 expression status in advanced NSCLC, we evaluated their impact on PFS. Survival curves were generated using Kaplan-Meier estimates ([Fig. 2](#f2-ol-0-0-5087){ref-type="fig"}). HPV-positive patients had a median PFS of 12 months compared with 8 months for HPV-negative patients. However, this difference was not statistically significant (HR, 0.68; 95% CI, 0.409--1.161; P=0.162).

As shown in [Table IV](#tIV-ol-0-0-5087){ref-type="table"}, TP53 expression status had no significant effect on patient survival (HR, 1.102; 95% CI 0.698--1.738; P=0.678). However, when we analyzed the impact of TP16 expression status on survival we found that TP16-positive patients had a median PFS of 11 months compared with 8 months for TP16-negative patients, and this difference was statistically significant (HR, 0.562; 95% CI, 0.341--0.924; P=0.023).

In addition, our data confirmed that patients who never smoked had a longer PFS than smokers, while patients with adenocarcinoma had a longer PFS than those with squamous cell carcinoma. Multivariate analysis also demonstrated that histology type and lymph node metastasis were significant determinants of PFS.

Discussion
==========

The present study demonstrated that, of the 83 Chinese patients with advanced NSCLC, the overall frequency of HPV detection was 24%, and that HPV 16 was the mostly commonly detected type. Our data indicate that HPV infections were associated with non-smokers, patients with lymph node metastasis and patients with poorly differentiated tumors. In our multiple biomarker assessment (namely, HPV, TP53 and TP16 status) we identified that TP16-positive patients exhibited longer survival times when compared with other subgroups. However, we did not find this trend for the TP53-positive subgroups.

Although the most common cause of lung cancer is long-term exposure to tobacco smoke, 15% of men and 53% of women with lung cancer (worldwide) have cancers that are not attributable to tobacco smoking ([@b24-ol-0-0-5087]). The possibility of HPV involvement in bronchial squamous cell carcinoma was first suggested in 1979, and since then, several studies have provided strong support for a role for HPV as an etiological agent of lung cancer ([@b25-ol-0-0-5087]). A recent study found that the prevalence of HPV in NSCLC was 28.1% in Asian countries (N=2337 NSCLC cases), 8.4% in European countries (n=1553) and 21.3% in North and South America (n=160) ([@b26-ol-0-0-5087]). The frequency of HPV infection in Asian NSCLC samples was higher when compared with lung cancer samples from Europe and the US. To date, \>100 subtypes of HPV have been identified. HPV l6 and HPV 18 are the most common subtypes associated with cancer, although numerous other types (HPV 6, 11, 31, 33, 39, 52, 58, and 82) have also been detected ([@b27-ol-0-0-5087],[@b28-ol-0-0-5087]). In the present study, we detected HPV 16, 18, 33, 58, 6, and 11 in patient samples, although HPV 16 was detected in the majority of cases. The overall frequency of HPV-DNA detection in NSCLC patients\' samples was 24% less than the mean number of HPV cases in Asian NSCLC samples. Given that the 83 patients in our study were diagnosed with stage III--IV disease, we hypothesize that HPV infection may be associated with disease stage and metastasis in lung cancer.

Recent studies have shown that for HPV-related NSCLC, patients are more likely to be female, non-smoking, have poorly differentiated tumors, present at a late clinical stage, and exhibit more lymph node metastasis ([@b29-ol-0-0-5087]). In the present study, we also identified that HPV infection was significantly associated with poor differentiation, never-smokers and lymph node metastasis. Therefore, our findings are consistent with those reported by others.

The majorities of patients diagnosed with NSCLC present with advanced stage disease and have extremely poor prognoses. Currently there are no widely accepted independent prognostic factors to evaluate prognosis and survival of advanced NSCLC. Molina-Vial *et al* have demonstrated that nondisruptive mutations of TP53 are an independent prognostic factor of shorter survival in advanced NSCLC ([@b30-ol-0-0-5087]). In this study, TP53-positive patients with HPV-related NSCLC were more numerous than TP53-negative patients. Although the difference was not statistically significant, the average survival of TP53-positive patients implies that poor prognosis is associated with this clinical phenotype. However, more clinical samples are needed to confirm this hypothesis.

The present study has demonstrated that there is no significant correlation between TP16 expression and HPV-positivity in NSCLC patients. In a recent study, Gatta *et al* ([@b31-ol-0-0-5087]). Analyzed TP16 protein expression on an 83-NSCLC tissue sample microarray by immunohistochemistry and also found no association between the presence of HPV DNA and TP16 protein expression. However, our survival analysis indicates that TP16 positivity is associated with longer survival in NSCLC. Although TP16 may be a prognostic indicator in NSCLC patients, controversy regarding geographical differences as well as differences in tissue types still exist ([@b32-ol-0-0-5087]). The present study provides new possibilities in the prognosis and diagnosis of advanced NSCLC. The role of TP16 in NSCLC disease progression will be investigated in subsequent studies.

In conclusion, we have demonstrated that TP53 and TP16 protein expression is not associated with the expression of HPV DNA, but that TP16 positivity may be an independent prognostic factor of longer survival in advanced NSCLC. Clinical trials are now warranted to determine whether TP16-negative patients would benefit from drugs that improve the expression of TP16.

The current study was supported by the National Natural Science Foundation of China (grant no. 81172172).

![Expression of TP53 and TP16 in NSCLC. Immunohistochemistry was performed to qualitatively analyze the expression of TP53 and TP16 in tumor tissues. Micrographs show examples of (A) TP53-negative tissue staining, (B) TP53-positive tissue staining, (C) TP16-negative tissue staining, and (D) TP16-positive tissue staining. Images were acquired at ×400 magnification.](ol-12-05-3330-g00){#f1-ol-0-0-5087}

![Kaplan-Meier plots illustrating the effects of HPV status, TP53 expression, and TP16 expression on progression-free survival (PFS) in patients with NSCLC. (A) Plots of PFS for the HPV-positive and HPV-negative populations. Median survival for HPV-positive patients (green; n=20, of whom 1 died) was 12 months, compared with 8 months for HPV-negative patients (blue; n=63, of whom 4 died). (B) Plots of PFS for the TP53-positive and negative patient groups. Median survival was 9 months for both the TP53-positive (green) and TP53-negative (blue) patient groups. (C) PFS for the TP16-positive and negative patient groups. Median survival for TP16-positive patient group (green; N=28, of whom 2 died) was 11 months, compared with 8 months for TP16-negative group (blue; N=55, of whom 3 died).](ol-12-05-3330-g01){#f2-ol-0-0-5087}

###### 

Clinical characteristics of patients, grouped according to HPV status.

                                 HPV                     
  ------------------------------ ----------- ----------- -------
  Age                                                    0.965
    ≤Median age                  11 (13.3)   35 (42.2)   
    \>Median age                 9 (10.8)    28 (33.7)   
  Sex                                                    0.344
    Female                       9 (10.8)    21 (25.3)   
    Male                         11 (13.3)   42 (50.6)   
  Differentiation                                        0.024
    Well                         2 (2.4)     23 (27.7)   
    Poor                         18 (21.7)   40 (48.2)   
  Smoking status                                         0.048
    Never smokers                13 (15.7)   25 (30.1)   
    Current and former smokers   7 (8.4)     38 (45.8)   
  Histology                                              0.224
    Squamous                     17 (20.5)   45 (54.2)   
    Adenocarcinoma               3 (3.6)     18 (21.7)   
  Lymph node metastasis                                  0.044
    Yes                          9 (10.8)    44 (53)     
    No                           11 (13.3)   19 (22.9)   
  Distant metastasis                                     0.282
    Yes                          9 (10.8)    37 (44.6)   
    No                           11 (13.3)   26 (31.3)   
  Expression of TP16                                     0.496
    Negative                     12 (14.5)   43 (51.8)   
    Positive                     8 (9.6)     20 (24.1)   
  Expression of TP53                                     0.456
    Negative                     7 (8.4)     28 (33.7)   
    Positive                     13 (15.7)   35 (42.2)   

HPV, human papilloma virus; TP16, tumor suppressor protein p16; TP53, tumor suppressor protein p53.

###### 

Multivariate analysis of predictive factors for HPV infection.

  Characteristic                                                  OR      95% CI         P-value
  --------------------------------------------------------------- ------- -------------- ---------
  Age (≤median age vs. \>median age)                              1.129   0.337--3.781   0.844
  Sex (female vs. male)                                           0.639   0.135--3.029   0.572
  Differentiation (well vs. poor)                                 0.163   0.030--0.896   0.037
  Smoking status (never smokers vs. current and former smokers)   0.348   0.075--1.610   0.177
  Histology (squamous vs. adenocarcinoma)                         0.282   0.050--1.600   0.153
  Lymph node metastasis (yes vs. no)                              0.364   0.099--1.347   0.130
  Distant metastasis (yes vs. no)                                 0.638   0.168--2.416   0.508
  Expression of P16 (low vs. high)                                1.087   0.324--3.653   0.893
  Expression of P53 (low vs. high)                                2.649   0.749--9.367   0.131

HPV, human papilloma virus; OR, odds ratio; CI, confidence interval.

###### 

Variables in the equation of logistic regression analysis for HPV infection.

  Variable          β        Sample mean   Wald value   RR      95% CI         P-value
  ----------------- -------- ------------- ------------ ------- -------------- ---------
  HPV infection     −0.382   0.282         1.841        0.682   0.393--1.185   0.175
  TP16              −0.514   0.259         3.946        0.598   0.772--2.006   1.245
  TP53              0.219    0.244         0.809        1.245   0.360--0.993   0.598
  Differentiation   −0.220   0.265         0.691        0.802   0.477--1.348   0.406

TP16, tumor suppressor protein p16; TP53, tumor suppressor protein p53; HPV, human papilloma virus; CI, confidence interval.

###### 

Results of the univariate and multivariate analyses of selected factors for progression-free survival in all patients.

                                                           Univariate   Multivariate                                  
  -------------------------------------------------------- ------------ -------------- ------- ------- -------------- -------
  Gender (male vs. female)                                 0.624        0.383--1.017   0.059                          
  Age (\<64 vs. ≥64)                                       0.929        0.593--1.456   0.749                          
  Smoking (never vs. ever)                                 2.012        1.254--3.229   0.004   0.274   0.822--2.408   0.213
  Histology (adenocarcinoma vs. squamous cell carcinoma)   2.168        1.273--3.695   0.004   0.306   1.105--3.662   0.022
  Histological differentiation (well vs. poor)             0.873        0.535--1.424   0.586                          
  Lymph node metastasis (yes vs. no)                       2.576        1.493--4.443   0.001   0.292   1.357--4.256   0.003
  Distant metastasis (yes vs. no)                          1.294        0.824--2.032   0.264                          
  HPV (positive vs. negative)                              0.689        0.409--1.161   0.162                          
  TP16 (positive vs. negative)                             0.562        0.341--0.924   0.023   0.261   0.404--1.125   0.132
  TP53 (positive vs. negative)                             1.102        0.698--1.738   0.678                          

HPV, human papilloma virus; CI, confidence interval; TP16, tumor suppressor protein p16; TP53, tumor suppressor protein p53; HR, hazard ratio.
